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Design of Highly Selective Solvent Extraction System of Metal Tons Utilizing
Macrocyeclic Ligand as Ion-size Selective Masking Reagent

Shigeo UMETANIt

Improved extraction-separation could be achieved in the extraction of alkali, alkaline earth
and rare earth metal ions using macrocyclic ligands as ion size selective masking reagents. By
adding macrocyclic ligand to the aqueous phase in the conventional chelate extraction system, the
extractions of metal ions with larger ionic radii shifted to the higher pH region. Consequently, the
separation among the metal ions was enhanced. Diazapolyoxabicyclic ligands (cryptand) exhibit
a prominent separation ability for alkali and alkaline earths metal ions. Quantitative separation
systems have been successfully developed in the synergistic extraction of alkali and alkaline earth
metal ions in the presence of cryptand. A new type of water-soluble sulfonated crownethers have
been prepared. The extractive separability of lanthanide ions was found to improve by adding the
sulfonated crown ethers into the aqueous phase. The number of water molecules in the first
coordination sphere of the central Eu®** in the complex was determined by a laser-induced
luminescence study. In addition, fluorescence spectra were measured to evaluate the structure of
the complexes. The stabilization of the complexes formed is discussed taking into account an
outer-sphere electrostatic attraction between the sulfonic acid group and the metal fon.
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Figure 1 Extraction of alkaline earths into cyclohexane
with HPMBP and TOPO in the absence (blank
symbols) and presence (solid symbols) of
18-crown-6. [HAJ], =0.056M, [L], =0.01Min
cyclohexane, [CE]=0.03 M in an aqueous phase.

(CeHy7)sP=0

Table 1 Extraction parameters for alkaline earths in the
cyclohexane system

15-crown-5 18-crown-6

1A)* logKas s SF  logB SP* log8 SF*

Mg 072 080 2 — 225

0.64 0.64 0.69
Ca 1.00 016 2 — 2.30

1.90 1.90. 2.66
Sr 118 174 2 — 3.06

142 2.06b 218°
Ba 135 116 3 2.05 3.82

* Ionic radius for a coordination number of six. Taken from ref. 11.
® At [TOPO],=0.01 M.
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Scheme 1 Ligands employed in the present work
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Table 2 Extraction parameters for lanthanides

logKee ApHin® logB  r(A)®  SF SF*
La 0.57 0.32 1.91 1.160
033 075
Nd 0.90 0.18 1.39 1.109
0.66 0.81
Sm 1.56 0.13 1.16 1.079
0.72 0.78
Eu 2.28 0.1 1.06 1.066
135 1.68
Dy 3.63 - - 1.027
0.15 0.15
Ho 3.78 - - 1.015 .
0.36 0.36
Yb 4.14 - - 0.985

* [DEHPA]=0.01 M in cyclohexane, [18C6]=0.1 M.
®Jonic radius for a coordination number of eight. Taken from ref. 11.

759 VI —FIVIEEFTORBEGRE (SF*) sl & 82 055
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KB E@®OP o002 E I, SRR BB 720K T
5, 759 —FVORET, EETTOT ALY THS
BA A O EHEE L Table 1 1R B3I &HT& 5, Sr-Ba fd
O S EEREUE TOPO OEEICKE T 5709, [TOPOL,=0.01
M O&ETHEE NI,

3. IS VI~-FIFEETTCOREIEERBAFOE
kil ol

TSR/ A+ o7 2 SEROMHEHAETH % bis(2-
ethylhexyl)phosphoric acid (DEHPA, Schemel) iZ & 3%
THEB A A v OBEEMBAND 2 5 v v T — FVOIEHEBE
SNfc, DEHPA KL 3H/IHEBA A v D vy a~FdH o
OEEIHHRIC 0.1 M @ 18-crown-6 ZKMICHMWL Td, &H
#1LE (Dy, Ho, Yb) D 50%» x4 5 pHIE (pH,e)
BELLZh - fcds, BFELE (La, Nd, Sm, Ew Tid
pHy @KLz, 259 v —5 VORET, ¥GEHETFTO
pH,, 2% (ApHy) 13, HTEESE 4 v O 4 VEREDHE
RITHE > TEBRHNCKRE < 1= 12,

HtESBA A~ In™) © DEHPA (HA) Tk %A
ek, mEEES L CHEER K. BROLHRECL
EBTE D,

Ln* +3(HA) ;. =LnA;(HA),,+3H* ¢))
Kexs= [LnA;(HA):IL,(H 1Y /[Ln**] [(HA).I3 ®

log Ko fE13.(8), log B R @ L bk o, SFBLU
SF*&3tic Table2 o & & b, HLESEA 4 v O
Sk, @BAA v ELTORENUE - TV S N TH

EqaE U T

2, 18-crown-6 %4 4 v 4 A FERMEw R+ v VRS L
THEMT 3 &I X DHL P IGRIRESE LT 3 C & 0ERY
IZR&E Ntz La-Dy Ri® SF 3 3.06 25 4.02 IcALTH D,
OV OEEIHEHEOAFRETCHIEEICRETH 5,

4, JUTEZUERFHEETTOZINAULTEEEAF VD
ey i

SMIHEEABT 57 ) 79 v FEESEA + v ORIGHER
Lehn, Sauvage 5ic & » TEMIcHFis s, 279 v F
HReoBoREIED TN VLR, Tih ) LEEEA
A i LR SV ERME 2R, cryptand(2.2.1] 3R
¥4 5 Mg-Ca, Li-NalZ, cryptand[2.2.2] 3 Ca-SricxtL
THCERIRNTH 5, 27 ) 79 v FEIBKBHETHD, 14
YA RERET R v SHAEE L TR OO TESTH R LEE
Zohb, BEMK T AERE L TC3RERFFZ2MELT
Waicw, 75y v—FUEERERY, 77y v FED
<2 F v R pH ITikET 3,

0.01M cryptand[2.2.2] OFHET, EEHETFTTD 0.0IM
HPMBP & 00IM TOPOQ ic k374 VT ERBA A v D v
7ga~FH yAORREMEE Figure 2 IcR 2 2 EMTX 5,
Mg, Ca O#iHIZEF cryptand[2.2.2] 2FHEMLTHIEEA
ELfbd e 7o Sr TR cryptand(2.2.2] &ML THIE
pH fEEC@RED Y Y, pHS 24 5 &L 2EIcH S
EF L7, BaTidpH45 LI ET, SEECKE TSR SN,

CCTOREMLS ) FY v Fitk bR+ v SRS
ROLEE & pH ICiRFET 32 &0350 0 5, Srofticsw
T pH R CE PR o Ep-7DiF, 2075 Y FOE

3F oe Mg °
o & Ca 00
o ¢ CID
s o
2 ow Sr .
A A Ba o o. R
= [ ] ] »n
o o ¢ L qi-
o =]
5e) o° o A
o} 3K "
A
o ° D.
1t ¢ (n g
® o o
o ]
. P A a
A A
2F © A
1 1 " - 1 i A
2 3 4 5 6 7
pH
Figure 2 Extraction of alkaline earths with HPMBP and

TOPO in the absence (blank symbols) and
presence (solid symbols) of cryptand[2.2.2].
[HPMBP], = [TOPOJ],=0.01M in cyclohexane,
[cryptand] =0.01 M in an aqueous phase.
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Figure 3 Extraction of calcium and strontium with
HPMBP and TOPO in the presence of cryptand
[2.2.2]. [HPMBP], =[TOPO], =4x10° M,
[eryptand] =1x10% M.

Egaplises 3

Z&ToN TS Y PO R+ Vv IRROSHE LIRS N B,
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sulfobenzo-15-crown-5 (SB15C5), 3'-sulfobenzo-18-crown-6
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Scheme 2 Sulfonated crown ethers
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Table 3 Log S values for lanthanide-crown ether complexes

La>*  rA) SB12C4  SBISCS SB18C6  DSDB18C6 DSDB21C7 DSDB24C8 18C6 15C5
La¥* 1160 2301003 2042001 188001  207+012  220:0.01 236:0.04 111007 <02
Ce3t 1143 242:002  198:001 184009 201008  227:001 239:002  121:009 <02
Pt 1126 230:002 1912011 181009 1842014  207:0.11 217006 111009 <02
Nd3* 1109  239:0.02 1.81:0.01  1.66:0.01 1882006 2142002 220:0.05 0942006  <0.2
Sm3t 1079 2202002  177:0.07  170:002  177:0.13  194:0.06 2072005 079007 <02
Eudt 1066 217:0.02 1662002  159:004 1632007  1.88:0.03 1942010  0.50:0.03 <02
Gd3* 1053 2042002 1632001  139:007 151005  177:0.03  1.8420.04 <02 <02
Dy3* 1027 177:002 121:001  087+0.06 1162001  1.51:0.01  1.630.06 <02 <02
Ect 1004 1312002  100:001 0712006 106004 1312001 135:0.08 <02 <02
Yot 0985 0.79:0.02  0.50:0.01 <02 <02 0.71:0.01  0.71#0.05 <02 <02

(SB18C6), di(3-sulfo)-dibenzo-18-crown-6 (DSDB18C6),
di(8'-sulfo)-dibenzo-21-crown-7 (DSDB21C7), di(3-sulfo)-
dibenzo-24-crown-8 (DSDB24C8), Zh S D R Fk b7 5
vy -7 UEERTEEEA 4 v O#EERRIESERLN,
ZHLHERE A+ D DEHPA It L 3 v 7 v~ 4 VD
HROKMIC RV A7 59 v 2 —F VEERML, £08
BLERAA4A vOQBELERITT 2Lk, BERTHR
(B) BRESNI, 759 vz —FTNVEDY I u~FH Yy,
KD SYBEEEL 1, 18-crown-6 T3 10, 15-crown-5 Tl
10229 2ud v by 5o vz —FVETR I LTI TH - 7o,
-, ARMAPTORRREMTFOLBEF LV — F~OMNINK
& (BHEZE) G TE%, g Table3 itk Do N
fro TOEHICRNF UL 5 vz - FNHEFTEESRE A
A v OFHERERT 18C6 LT b RE L, #ERKIx
T3 R2WF YBEOFHRMBAKEZNT EN0h -1z,

7 39 v —FIViERid 18C6<SB18C6<DSDBI8C6 O &
S, ANF VBEOEBEL BB ONTEEILL S, AN
T VBE &R A v OSNEYMEAIERSEERICERL T
BEEIOND, SSIKE/, VANKVEEI I VI —F N
T id SB18C6<SB15C5<SB12C4, DSDBI18C6<DSDB21C7
<DSDB24C8 ORI KREENEILT 5, 18C6 DZEFLIT 1.34-
lBATELEIESBAA v ICET LS TVAED, A
* VY 59 v —F NVEETIE "size fitting effect” DS T
FHBATE W, Figured i log B &1 4 VR OFHO
BtRERIR L 7co BRFETHESBEOINFES OEINCHKE - TR
PPIETFLTVWS, TDIEMH BTELORE S MEARE
XETZEERLRTTIRIETWT E89h 5,

H(6) TERS N HREREE Tabled it % & » /2, La*,
Yh'' ORI 534 TH A, 759 vz —TUEEK
Micimd s sickvES NI, ANVE VBRI FY v —
TOVREIL 18C6 L D B ITRITH B, BOIRHTH -

BTk e

fo i3 SB12C4 T, DEHEEIZ 663 TH -7y 2 NE VRS
5y vz—FNVEOHBIML CEFIH BV THETH -
7o

CORNGER Y 59 v —FVEEFELHESBAA v &
OREHPIEERRISOEH I, UToLscBEHNEIh S,
(D) 2k vBREEDLEEA A v & ONBERBEREERIC
£V, 187539 v6LHEEFERRINLIEKEL, (2) &R
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Figure 4 Formation constants of lanthanide complexes in
aqueous solution.
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Table 4 Separation factors for the extraction of lanthanides in the presence of crown ethers®

none 18C6 SB12C4 SB15C5 SB18C6 DSDB18C6 DSDB21C7 DSDB24C8

La/Pr 090 0.90 120 1.02
Pr/Eu 162 186 174 1.83
Eu/Dy 129 147 165 1.62
Dy/Yb 153 153 204 1.83
La/Yb 534 576 663 6.30

0.90 1.11 1.02 1.08
1.80 1.80 1.80 1.83
1.74 1.62 1.59 1.56
1.71 1.86 1.98 2.07
6.15 6.39 6.39 6.54

?[D2HEPA], = 0.01 mol dm™ in cyclohexane, [crown ether] = 0.1 mo dm?.

Table 5 Luminescence properties of Eu®*"-crown ether com-
plexes in aqueous solution

CE n’mo® PcE b
SB12C4 8.1+0.1 0.66
SB15C5 7.0+0.3 0.53
SB18C6 6.520.3 0.57
DSDB18C6 7.1+0.2 0.48
DSDB21C7 7.3+0.1 0.57
DSDB24C8 7.420.3 0.58
18Cs6 _— 0.30

*The hydration number. ° The relative intensity ratio of
the Eu(IIl)-crown ether complexes.

A4 v DAF VERBREVEEEET, 18-7 59 v-6 &
RO AED, (3) BORZSHBERIOIAX TS,

NS THLEBERERT 5, &/, 15-759 V-5 12-75
T4 REEAERIE LD -t BN L — ¥ —Fiw
KFEBREY 1Tk - T Eu(lD FoFE—IABOKMKSF
B (nko) ZHELAHER, 18 BIREOBEEOKINESE LD
WO, THOLIBEREBOILLS AT 1 PFTEHIEY
ARENT (Table5), I8EBIOKREL T, /halThKk
IR R L7 EuIDEEERO#EE R <7 b VA & 8
RPLERA A v OB L ZEEOKRE, 759 VIR
COMEERLD S, BhoFEEWs kb8 4 v &R
Wk YBEEONBHGEEHEEHOEENKEL I &2

SB12C4
(n=8.1

DSDB24C8
(n=7.4)

Scheme 3 Possible structures of Eu*" complexes in aqueous
solution.
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